Discrete mineralized foci and granulomatous inflammation occurred in the lamina propria mucosae of respiratory mucous membranes of adult pigs. Lesions were present in clinically healthy pigs of both sexes, including castrated males, fed various pelleted or nonpelleted diets. They were mainly in longitudinally corrugated mucosae of the dorsal wall of the trachea. Identical mineralization and inflammation occurred in the nasal cavity and, in decreasing frequency and intensity, in the thoracic trachea and bronchi. The lesions in respiratory mucous membranes occurred in pigs with and without mineralization in other organs. The distribution of lesions in the respiratory tract, and the higher frequency in pigs fed non-pelleted dusty feeds, suggest that focal mineralization was caused by inhaled particles of calcium salts.
Granulomatous inflammation caused by focal mineralization in the lamina propria of respiratory mucous membranes in adult pigs has not been reported. Lesions occur in clinically healthy pigs and must be differentiated from infectious granulomas and from "metastatic" heterotopic mineralization in adult swine [4] .
Materials and Methods
Crossbred Landrace-Yorkshire swine were used. Group A consisted of 35 boars fed dry non-pelleted feed for four months after weaning; group B consisted of 14 boars fed pelleted feed for four months after weaning; group C consisted of 58 adult pigs, mostly sows, fed commercial pelleted feed. The basic diet fed to boars in groups A and B was ground corn, ground wheat and soybean, limestone, and dicalcium phosphate. According to the commercial supplier, it contained 2.9% fat and 17% protein. Our analysis showed 0.9% calcium and 0.8% phosphorus. Concentrations of vitamin D? per kg of diet were 800 IU (six boars in group A), 500 IU (12 boars in group A and 14 boars in group B), 300 IU (six boars in group A), 100 IU (five boars in group A) and none (six boars in group A). Concentrations of vitamin A per kg of diet were 5000 IU (29 boars in group A and 10 boars in group B) and 1000 IU (six boars in group A and four boars in group B). Concentrations of other vitamins and microminerals have been published [4] . The commercial pelleted feed contained 2.5% fat, 16% protein, 0.66% calcium and 0.55% phosphorus. There were 990 IU of vitamin Ds and 3300 IU of vitamin A per kg of feed. Concentrations of other vitamins and microminerals were unknown.
All groups were housed in cubicles illuminated with incandescent lamps. The concrete floor 54 I was covered with rubber mats and cleaned daily with flowing water. Drinking water was provided ad libitum and all feeds were supplied by gravity from self-feeders.
Specimens of the cervical portions of trachea from each pig were fixed in buffered 10% formalin and trimmed transversely for paraffin embedding; sections were cut and stained with hematoxylin and eosin (HE). Tracheal tissue fmed in 2.5% glutaraldehyde or perfusion fixative was stained with 0. I% cresyl violet acetate for metachromasia in connective tissue. The alizarin red S method for calcium [I] or von Kossa's method for anions [2] was used in selected sections. Nasal ventral turbinates from 30 boars of group A were cut transversely at the level of the commissures of the mouth and, after futation in formalin. decalcified in 10% trichloracetic acid in formalin. HE-stained sections from paraffin-embedded tissue were examined.
Thoracic portions of trachea, about 5 cm below or above the apical tracheal bronchus. were examined in pigs of groups B and C. Fundic stomach and heart were examined microscopically in all groups. Lung with pleura, aorta, kidney, parathyroid glands and the musculotendinous part of the diaphragm were examined in boars of groups A and B.
Selected tracheal tissue from six boars fed non-pelleted diet (group A) and 15 boars fed pelleted diet (14 in group B and one in group C) was fixed in cold 2.5% glutaraldehyde or paraformaldehyde-glutaraldehyde mixture [5] soon after death. The tissues were post-fixed in osmium tetroxide, embedded in epoxy resin, and sectioned for electron microscopy. Ultrathin sections were stained with uranyl acetate and lead citrate and examined with an electron microscope.
On the basis of microscopic findings, tracheas (previously stored frozen) from 15 swine were selected for assay of calcium content. Fragments of mucosa were peeled off the cervical tracheal walls and analysed for calcium content as described [6] . as were samples of liver and sera.
Results
Pigs of both sexes, kept on dry pelleted or non-pelleted diets with various levels of vitamins D and A, had foci of mineralization and granulomatous inflammation in the lamina propria mucosae of the respiratory tract. Lesions were most extensive in the dorsal wall of the trachea but also were common in the mucous membrane of the nasal ventral turbinate: 28 of 30 pigs had lesions, mostly on the inner aspect of the ventral folds and on the stem of the turbinates. Lesions were less common in the lower respiratory passages: 14 of 27 pigs from groups B and C (with available tissue from lower respiratory tract) had lesions in the cervical trachea, seven in the thoracic trachea, and one in the main bronchus of the diaphragmatic lobe. Mineralization in the lamina propria of the nasal turbinates usually had a linear shape; segments of the epithelial basement membrane ( fig. 1 ) or connective tissue adjacent to this membrane were mineralized. "Linear" mineralization in the epithelium, comprising supranuclear portions of several lining cells, also were found. Mineralized foci in the trachea and bronchi were round, of various sizes, and laminated ( fig. 2, 3 ) . Some foci were surrounded by one or more foreign body giant cells. The lamina propria adjacent to some foci had more lymphocytes, plasma cells and eosinophils than the normal lamina propria. In other areas, there was a distinct granulomatous inflammation. Elastic fibers near the tracheal foci of mineralization often had mineralized cores that stained blue with HE. Some deep longitudinal elastic fibers were mineralized ( fig. 4 ). Although solitary mineralized foci were seen occasionally in the layer of longitudinal elastic fibers, granulomatous inflammation was absent.
Ultramicroscopically, mineralization encroached upon fibrocytes, and elastic and collagenous fibers. Mineralized foci were composed mostly of a laminated granular material, and some laminated bodies contained a few scattered sharp crystals. Extraneous foreign particles were not found in these bodies. Ghost outlines of tissue elements, however, such as fibrocytic processes, nuclei, collagenous fibers, rounded outlines of organelles, and elastic fibers ( fig. 5 ), sometimes were discernible, Mineralization extended to adjacent cells including macrophages. Foreign-body giant cells and macrophages were common around laminated bodies ( fig. 5 ). Lining cells and deep connective tissue including glands looked normal. Electron-microscopic examination of the dorsal portion of the trachea also showed many fibroblasts with dilated cisternae of the rough endoplasmic reticulum and conspicuous Golgi apparatus ( fig. 6 ). Fibroblasts close to calcified elastic fibers showed increased density of the cytoplasmic matrix and often had myeloid bodies and vacuoles. Some mitochondria were dense, but impregnation by crystals was absent. Disintegrating fibroblasts had dilated cytocavitary network, vacuoles and disordered membranes ( fig. 6, 7) . The superficial elastic fibers had slightly mineralized centers, but some had a heavy black granular material in their cores ( fig. 8) . Macrophages and multinucleated giant cells were around some calcified fibers and cell remnants ( fig. 7, 8) .
Many boars with mineralization in the left atrial endocardium or pleura, the diaphragm, and the gastric lamina muscularis mucosae of the fundus-gland region also showed well-advanced tracheal lesions (table I) . No lesions were found in other organs examined.
In this study, five boars with tracheal mineralizations also had high contents of calcium in the tracheal lamina propria (0.25 f 0.15 g/100 g dry weight) as compared to five boars without such lesions (0.10 f 0.01 g/lOO g dry weight) (p < 0.1). Five adult sows without these lesions also had lower calcium levels in the lamina propria of the trachea (0.07 f 0.01 g/100 g dry weight). Concentrations of serum calcium in boars with and without tracheal mineralization were 10.09 & 0.58 rng/100 ml and 10.35 f 1.27 mg/100 ml respectively; concentrations of liver calcium were 0.27 f Fig. 6 Trachea. Disintegrating swollen fibroblast (F) with conspicuous Golgi apparatus and distended cisternae of endoplasmic reticulum. Elastic fibers (E) with slightly calcified cores (arrows). 0.12 g and 0.16 +-0.04 g/ 100 g ash weight, respectively. These differences were not significant.
Discussion
Focal mineralization and granulomatous inflammation occurred in the respiratory mucous membranes of clinically healthy pigs raised for several months on dry feeds. In most of the pigs, no lesions were found in other organs; pigs with heterotopic mineralization in other locations, however, seemed to have more extensive lesions in the respiratory tract. These results imply that lesions confined to respiratory mucous membranes either were the earliest lesions of metastatic calcification, or had a "local" pathogenesis. In either case, calcium concentrations in the lamina propria must have been high to initiate deposition of mineral. Assays of calcium in tracheal mucosa with lesions indicated increased concentrations compared with tracheas without lesions. Hypercalcemia, sought as a potential source of calcium in tissue mineralization, was not found in pigs with lesions. This finding, and the absence of mineralization in other preferential sites in most pigs, strongly indicate that calcium from the circulation did not play a substantial role in the process of focal mineralization of the respiratory mucous membranes.
Our investigation showed that nasal and tracheal lesions were found in almost all pigs fed a loose dusty diet and that feeding of a dry pelleted diet reduced the frequency of lesions. The respiratory mucous membranes were exposed to inhaled particles of calcium salts in the feeds for several months; this suggests that these particles were a source of calcium for "local" mineralization of respiratory mucous membranes. The impinged particles of tricalcium phosphate or limestone might be transported by macrophages into the lamina propria and become centers of mineralization; or the carbonic acid-dissolved calcium from impinged particles of limestone might be internalized by endocytosis and, being excessive, might contribute to cell injury [8] or initiate a local dystrophic mineralization. Penetration of calcium into the lamina propria might be facilitated by absence of mucus in spots over the epithelium [3, 71 , presence of nonciliated cells, and by less favourable locations for ciliary clearance (inner aspects of turbinates, corrugated dorsal segment of trachea). Absence of heterotopic mineralization in nonrespiratory sites in most pigs; segmental mineralization of the epithelial basement membrane in the nasal turbinates; and identical lesions in the descending respiratory tract, with a decreasing frequency and intensity, are findings that support the conjecture of a local pathogenesis caused by inhalation of calcium dust particles. Pigs with concomitant calcifications in other organs would have accentuated lesions in respiratory mucous membranes because of calcium metastasis into "preformed" sites of mineralization.
